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PROBLEM TO BE SOLVED: To provide an extrusion forming apparatus and method, which 
can manufacture a thermoelectric material with higher thermoelectric performance by 
applying sufficient shear stress on a thermoelectric material . 

SOLUTION: The extrusion forming apparatus 10 has a forming die 11 which comprises at 
least the first extrusion pass 15 with almost uniform cross section area and the 
second extrusion pass 17 connected to the first pass. The second extrusion pass 17 
is bent at an angle more than 0 degree and less than 180 degree to the first 
extrusion pass 15 and has a zone whose cross section area is reduced toward an exit 
of formed material . 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an extrusion forming apparatus 
and method, which can manufacture a thermoelectric material with higher 
thermoelectric performance by applying sufficient shear stress on a 
thermoelectric material. 

SOLUTION: The extrusion forming apparatus 10 has a forming die 1 1 
which comprises at least the first extrusion pass 1 5 with almost uniform 
cross section area and the second extrusion pass 17 connected to the first 
pass. The second extrusion pass 17 is bent at an angle more than 0 degree 
and less than 180 degree to the first extrusion pass 15 and has a zone 
whose cross section area is reduced toward an exit of formed material. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Extruding equipment characterized by providing the following. The 1st extrusion path located in the entrance side 
of material. The extrusion path of the above 2nd of being the 2nd extrusion path continued for the extrusion path of the 
above 1st, and accomplishing a larger angle smaller than 180 degrees than 0 times to the extrusion path of the above 1st. ** 
— the dice which is formed even if few, and has the field where the cross section decreases toward the outlet side of material 
in one of extrusion paths 

[Claim 2] The 2nd extrusion path continued for the 1st extrusion path which is characterized by providing the following, and 
which is located in the entrance side of material, and the extrusion path of the above 1st. The dice with which the extrusion 
path of the above 2nd of accomplishing a larger angle smaller than 180 degrees than 0 times to the extrusion path of the 
above 1st was formed at least. The extrusion tool for pushing the material poured into the extrusion path of the above 1st, 
and the presser-foot tool for pushing back the material extruded from the extrusion path of the above 2nd. 
[Claim 3] Extruding equipment according to claim 1 or 2 characterized by each of the above 1st and the 2nd extrusion path 
having a rectangle cross section. 

[Claim 4] Extruding equipment of a claim 1-3 given in any 1 term with which the aforementioned dice is characterized by 
having two or more outlets. 

[Claim 5] The 3rd extrusion path continued for the 1st extrusion path located in the entrance side of the material prepared in 
the 1st direction characterized by providing the following, the 2nd extrusion path located in the entrance side of the material 
prepared in the 2nd direction, and the above 1st and the 2nd extrusion path. The extrusion path of the above 3rd of 
accomplishing a larger angle smaller than 180 degrees than 0 times to the above 1st and the 2nd extrusion path. ** ~ the dice 
formed even if few 

[Claim 6] Extrusion equipment according to claim 5 with which the aforementioned dice has the field where the cross section 
decreases toward the outlet side of material in the extrusion path of the above 3rd. 

[Claim 7] Extrusion equipment according to claim 5 which possesses further the 1st extrusion tool for pushing the material 
poured into the extrusion path of the above 1st from the 1st direction, the 2nd extrusion tool for pushing the material poured 
into the extrusion path of the above 2nd from the 2nd direction, and the presser-foot tool for pushing back the material 
extruded from the extrusion path of the above 3rd. 

[Claim 8] Extrusion equipment of a claim 5-7 given in any 1 term with which the extrusion path of the above 2nd is 
characterized by accomplishing the extrusion path of the above 1st, and 180 degrees. 

[Claim 9] The extruding method characterized by performing extruding of material using the extruding equipment of a claim 
1-8 given in any 1 term. 

[Claim 10] The extruding method characterized by performing extruding of material two or more times using extruding 

equipment according to claim 1, making the cross section of material small for every one processing. 

[Claim 11] The extruding method characterized by performing extruding of material two or more times using the extrusion 

equipment of a claim 1-4 given in any 1 term, putting in dummy material at the nose of cam of material. 

[Claim 12] The extruding method of the claim 9-11 characterized by performing extruding of material between heat given in 

any 1 term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the extruding equipment suitable for extruding of 
the thermoelectric material used in order to manufacture a thermoelement especially, and the extruding method about the 
extruding equipment and the extruding method which are used in order to perform extruding which is a kind of plastic 
deformation processing to a metal, a semiconductor material, an oxide, etc. generally. 
[0002] 

[Description of the Prior Art] A thermoelement means the element using the thermoelectric effects, such as the Thomson 
effect, a Peltier effect, and the Seebeck effect, a thermocouple, an electronic cooling element, etc., and far-reaching use 
attracts attention from a property that handling is simply [ structure ] easy and stable being maintainable. Especially as an 
electronic cooling element, since the precise temperature control a local hypothermia and near a room temperature is 
possible, research and development are widely furthered towards the application to temperature control, such as 
optoelectronics and semiconductor laser, a small refrigerator, etc. 

[0003] A big thing of the performance index Z expressed with 2/[ of Z=alpha ] rhokappa is desired using specific resistance 
(resistivity) rho, thermal conductivity kappa, and Seebeck-coefficient alpha as a thermoelement. Moreover, many of 
thermoelectrical semiconductor materials have an anisotropy resulting from the crystal structure. Generally, an anisotropy 
crystal has cleavage and its material strength is brittle. For this reason, as a charge of real material, not single crystal material 
but the polycrystal material which carried out orientation to the big crystal orientation of a performance index is used. In 
order to obtain a good performance index, it is effective to establish the process of plastic working, such as extruding which 
sinters the crystal material made to solidify after fine-particles-izing, and gives shearing stress after sintering. 
[0004] While raising the amount of preferred orientation of a thermoelectrical semiconductor material to the Japan patent 
application public presentation (provisional publication of a patent) No. 1245 12 [ 2000 to ] official report, the rate of the 
yield at the time of starting a rectangular parallelepiped-like thermoelement is raised, and the manufacture method of the 
thermoelectrical semiconductor material which makes a surface-lapping process and a consolidation process possible is 
indicated. 

[0005] Drawing 15 is drawing which explains typically the manufacture method of the thermoelectrical semiconductor 
material currently mdicated by JP,2000-124512,A, and, in (A) of drawing 15 , (B) shows the state after punch press before 
punch press. In this manufacture method, thermoelectric material is used as the rectangular parallelepiped-like sintered 
compact 210, this sintered compact 210 is poured into a dice 211, and punch 213 is dropped. The entrance-side path 215 into 
which a sintered compact 210 is poured, and the extrusion path 217 of the shape of a rectangular parallelepiped with the 
cross section smaller than the entrance-side path 215 are formed in the dice 21 1. A sintered compact 210 is extruded from the 
extrusion path 217 by the press force of punch 213 down [ D ], and rectangular parallelepiped-like mold goods are obtained 
according to it. In the case of this extrusion, a sintered compact 210 deforms [ of a dice 21 1 / E ] plastically in response to 
external force from the side. For this reason, the external force concerning material is large, and tends to require the force for 
the whole material. 

[0006] Therefore, according to this manufacture method, dynamic recrystallization under destruction by plastic deformation 
and fabrication is performed good, and crystal grain makes it detailed. Thermal conductivity kappa becomes small by 
detailed-ization of this crystal grain, and a performance index Z improves. Moreover, rather than hot forging, external force 
is added, a degree is good, an anisotropy increases and a performance index improves. 

[0007] Moreover, enabling the re-manifestation of a more perfect anisotropy is indicated by giving high shearing stress to the 
reference "orientation control of the Bi-Te system material by the strong shear addition knockout" (the 5 1st plastic- working 
union lecture meeting, 3-November 5, 2000) by **** and others at thermoelectric material using the dice which has a L 
character type path. 

[0008] Drawing 16 is drawing which explains typically the method currently indicated by the above-mentioned reference, 
and, in (A) ot drawing 16 , (B) shows the state after punch press before punch press. In this method, the Bi-Te system 
material 220 is enclosed into the dice 22 1 which has the L character type path which consists of an entrance-side path 225 
and an outlet side path 227, and it presses by punch 223. Material 220 is extruded receiving strong shearing stress in the 
right-angled section X of a path. At this time, a skid occurs in the easy sliding surface (cleavage plane) of a Bi-Te crystal, 
and the rearrangement of the crystal is carried out by causing rotation simultaneously. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in recent years, development of a thermoelement with a more high 
performance is progressing with highly-efficient-izing and improvement in the speed of optoelectronics, semiconductor laser, 
etc. to which a thermoelement is applied. Furthermore, thermoelectrical efficiency-of-element-mass production method is 
also demanded by development of this field. 

[0010] Although according to the method currently indicated by above-mentioned JP,2000-124512,A sufficient shearing 
stress is obtained near the contact surface of the material in a dice, and a dice and it is easy to carry out the rearrangement of 
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the crystal, obtaining the still more uniform amount of preferred orientation is expected by abolishing the difference of the 
shearing stress of the core C of the material shown in drawing 15 (B), and Flank P. 

[001 1] Moreover, according to the method currently indicated by "orientation control of the Bi-Te system material by the 
strong shear addition knockout", even if material takes which portion in a cross section, in order that it may receive shearing 
stress uniformly, a product with a uniform property is obtained in the interior of material. However, it is only 1 time at the 
time of passing the right-angled section (L character type section) X of a dice that material receives shearing stress. For this 
reason, the amount of the shearing stress added cannot say that it is enough, but sufficient orientation is hard to be acquired. 
[0012] Multiple-times addition of the shearing stress can be carried out by making the configuration of the entrance of a dice, 
and an outlet the same, and on the other hand, carrying out L character extrusion of multiple times in the L character 
extrusion of other conventional metallic materials. However, when using weak brittle materials, such as Bi-Te, it is necessary 
to add compressive stress at an outlet by making an outlet smaller than an entrance. This is for material to break in the L 
character section (buckling), when the configuration of an entrance and an outlet is made equal. Therefore, in fabrication of 
thermoelectric material, L character extrusion of multiple times cannot be performed and multiple-times addition of the 
shearing stress cannot be carried out. 

[0013] Then, in view of the above-mentioned point, this invention aims at offering the extruding equipment and the 
extruding method of manufacturing thermoelectric material with a high thermoelectrical performance by adding sufficient 
shearing stress for material. 
[0014] 

[Means for Solving the Problem] In order to solve the above technical problem, the extruding equipment concerning the 1st 
viewpoint of this invention It is the 2nd extrusion path continued for the 1st extrusion path located in the entrance side of 
material, and the 1st extrusion path. The 2nd extrusion path which accomplishes a larger angle smaller than 180 degrees than 
0 times to the 1st extrusion path is formed at least, and the dice which has the field where the cross section decreases toward 
the outlet side of material is provided in one of extrusion paths. 

[0015] Shearing stress can be added also in this portion by extruding L characters, and being alike, in addition extracting one 
of extrusion paths, and considering as a configuration. Therefore, since the shearing stress in the case of [ each ] extrusion 
usually can be applied with L character extrusion, crystal grain rums minutely further and the amount of preferred orientation 
improves. Although the outlet configuration was made small and destruction (buckling) of material was prevented in the 
conventional L character extrusion, according to the 1st viewpoint of this invention, destruction (buckling) of material can be 
prevented by extracting the last extrusion path like the usual extrusion type, and considering as a configuration. 
[0016] Moreover, the extruding equipment concerning the 2nd viewpoint of this invention It is the 2nd extrusion path 
continued for the 1st extrusion path located in the entrance side of material, and the 1st extrusion path. The dice with which 
the 2nd extrusion path which accomplishes a larger angle smaller than 180 degrees than 0 times to the 1st extrusion path was 
formed at least, The extrusion tool for pushing the material poured into the 1st extrusion path and the presser-foot tool for 
pushing back the material extruded from the 2nd extrusion path are provided. 

[0017] According to the 2nd viewpoint of this invention, destruction (buckling) of material can be prevented by having the 
tool which pushes back the material extruded from the 2nd extrusion path of a dice. Moreover, since high compressive stress 
can be added from the 2nd extrusion path, the shearing stress in the L character section also becomes high. Then, repeat 
extrusion can also be performed by pressing down with extrusion punch 13, reversing the movement of punch 14, and 
making it go. Furthermore, since the configuration of the 1st extrusion path and the 2nd extrusion path can be made the 
same, the repeat extrusion of material becomes possible. Therefore, using the same equipment, by carrying out 
multiple-times addition of the shearing stress, crystal grain turns minutely further and the amount of preferred orientation 
improves. 

[0018] It is desirable for each of the 1st and 2nd extrusion paths to have a rectangle cross section above. By making a cross 
section into a rectangle, the variation in the shearing stress in the cross direction of a dice can be abolished, and shearing 
stress can be equalized. Moreover, if it is made for a dice to have two or more outlets, since two or more material can be 
manufactured at a time, it is suitable for mass production. 

[0019] Moreover, the extruding equipment concerning the 3rd viewpoint of this invention The 1st extrusion path located in 
the entrance side of the material prepared in the 1st direction, The 2nd extrusion path located in the entrance side of the 
material prepared in the 2nd direction, It is the 3rd extrusion path continued for the 1st and 2nd extrusion paths, and the dice 
with which the 3rd extrusion path which accomplishes a larger angle smaller than 180 degrees than 0 times to the 1st and 2nd 
extrusion paths was formed at least is provided. 

[0020] Since it extrudes for the 3rd path according to the 3rd viewpoint of this invention, pushing on thermoelectric material 
from both sides in the 1st and 2nd paths, and putting a pressure, the shearing stress of a bilateral symmetry is added to 
thermoelectric material. Therefore, the symmetric property of the orientation of crystal grain can be raised in thermoelectric 
material. 

[0021] The extruding method concerning this invention performs extruding of material using one of above extruding 
equipments. When using the extruding equipment especially applied to the 1st viewpoint of this invention, it is possible by 
performing extruding of material two or more times to make crystal grain detailed further, making the cross section of 
material small for every one processing. 

[0022] Moreover, when using the extruding equipment concerning the 1st of this invention, and the 2nd viewpoint, it is 
desirable to perform extruding of material two or more times, putting in dummy material at the nose of cam of material. In 
case multiple-times extrusion of L characters is performed especially, destruction (buckling) of material can be prevented. 
Furthermore, it is desirable to perform extruding of material above between heat. In this case, it is hard coming to destroy 
material and recrystallization becomes easy to happen. 
[0023] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. In 
addition, the reference number same about the same component is attached, and explanation is omitted. Drawing 1 is 
drawing showing the outline of the extruding equipment concerning the 1st operation gestalt of this invention. As shown in 
drawing 1 , extruding equipment 10 contains the dice 1 1 which are the punch (extrusion tool) 13 which extrudes the 
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thermoelectric material 20 by which powder molding was carried out, and the metal mold which makes the thermoelectric 
material 20 extruded by punch 13 deform plastically. Punch 13 moves up and down with the slide 1 driven with an actuator 
(oil hydraulic cylinder). The extrusion pressure of punch 13 is measured by the load cell 2, and the variation rate of punch 13 
is measured by the displacement gage 5. By acting as the monitor of the relation between the measurement value of a 
displacement gage 5, and elapsed time, the drive of slide 1 is controllable so that punch 13 extrudes thermoelectric material 
20 at an almost fixed extrusion speed. 

[0024] On the base 7 in which the dice 1 1 is installed, the heater 6 for heating a dice 1 1 and thermoelectric material 20 is 
installed. By using a heater 6, it is possible to perform hot-extrusion processing. The temperature of a dice 1 1 is measured by 
the temperature sensor 8 arranged near the dice 1 1 . By feeding back the measurement value of a temperature sensor 8 and 
controlling the calorific value of a heater 6, a dice 1 1 and thermoelectric material 20 can be maintained at desired 
temperature. 

[0025] As for hot-extrusion processing, it is desirable in inert gas atmosphere, such as an argon, or a vacuum to perform 
extrusion speed as for example, 0.1 rnm/rnin, keeping more desirable 350 degrees C - 600 degrees C of working temperatures 
at 420 degrees C - about 500 degrees C. In addition, in this operation form, although the dice 1 1 was fixed and punch 13 was 
moved, punch 13 may be fixed to this reverse and a dice 1 1 may be moved to it. 

[0026] Drawing 2 is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
1st operation rorm of this invention, and punch, and (A) of drawing 2 and (B) show two states under extruding. The 
entrance-side path 15 in which punch 13 is taken in and out ot a dice 1 1 up and down, and the outlet side path 17 by which 
mold goods are extruded are formed. The entrance-side path 15 and the outlet side path 17 are open for free passage 
(continuation), and the shaft of the longitudinal direction of the entrance-side path 15 and the shaft of the longitudinal 
direction of the outlet side path 17 form the angle theta. In this invention, it is required for an angle theta to be in the larger 
range smaller than 180 degrees than 0 degree, and it'may be 45-135 degrees desirably. The angle theta is made into about 90 
degrees in the following operation forms. 

[0027] The entrance-side path 15 has a square (preferably rectangle) cross-section configuration, and the cross section is 
simultaneously regularity in the longitudinal direction of a path. The outlet side path 17 is formed so that it may have a 
square (preferably rectangle) cross-section configuration and may have the field where the cross section decreases toward the 
outlet of a dice 11. That is, the outlet side path 17 contains free passage section 17a with the entrance-side path 15, 
converging section 17b to which the cross section decreases gradually, and that the cross section's has decreased diameter 
reduction section 17c. In addition, as for the cross section of the outlet side path 17, it is desirable to set almost constant a 
crosswise (direction perpendicular to space) size, and to apply drawing only in the vertical direction in drawing. 
[0028] As a thermoelectric material used for manufacture of a thermoelement, compounds containing these, such as 
antimony, a bismuth, a selenium, a tellurium, cobalt, manganese, silicon, zinc, magnesium, iron, and germanium, are 
mentioned. Extruding is performed to the ingot material, the fine particles, the green compact, the sintered compacts, and 
these processing objects of such a material. 

[0029] If it explains in more detail, a selenium (Se) and a tellurium (Te) will be used as a VI group element, for example, 
using antimony (Sb) and a bismuth (Bi) as a V group element. The solid solution of V group element and VI group element 
has hexagonal structure. About concrete composition of thermoelectric material, the dopant of P type can be added and used 
for the mixed-crystal system solid solution of a bismuth telluride (Bi2Te3) and tellurium-ized antimony (Sb2Te3) as a 
material of a P type element, or the dopant of N type can be added and used for the mixed-crystal system solid solution of a 
bismuth telluride (Bi2Te3) and a selenium-ized bismuth (Bi2Se3) as a material of an N type element. 
[0030] If thermoelectric material 20 is poured into the entrance-side path 15 and punch 13 is dropped in case thermoelectric 
material 20 carries out extruding using a dice 1 1, mold goods will be extruded from the outlet side path 17. At this time, as 
shown in drawing 2 (B), various shearing stress is added to a sintered compact 20. The boundary section X which the 
entrance-side path 15 and the outlet side path 17 open for free passage at a right angle mostly serves as a shear zone, and 
thermoelectric material 20 receives strong shearing stress in the boundary section X. 

[003 1] Furthermore, if thermoelectric material 20 progresses to the outlet side path 17, external force will be received [ of 
converging section 17b of this trajectory / E ] from the side, and thermoelectric material 20 will deform plastically. 
Therefore, since the shearing stress in the case of [ each ] extrusion usually can be applied with L character extrusion, crystal 
grain turns minutely further and the amount of preferred orientation improves. By making the cross section of a trajectory 
into a rectangle especially, the variation in the shearing stress in the cross direction of a dice can be abolished, and shearing 
stress can be equalized. Moreover, since the configuration of the outlet side of a dice 1 1 is a drawing configuration as 
mentioned above, it can restrain the material which comes out in response to processing from the outlet of a dice 11, and can 
prevent destruction (buckling) of material. 

[0032] Next, the 2nd operation form of this invention is explained. Drawing 3 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 2nd operation lorm of this invention, and punch, and, in (A) of 
drawing 3 , (B) shows the state after punch press before punch press. 

[UU33J The extruding equipment concerning this operation form is equipped with two punch 13 and 14. The entrance-side 
path 25 in which punch 13 is taken in and out of a dice 21 up and down, and the outlet side path 27 in which punch 14 is 
taken in and out of right and left are formed. In a dice 21, the entrance-side path 25 and the outlet side path 27 are open for 
free passage. The entrance-side path 25 and the outlet side path 27 have the cross-section configuration of the same square 
(preferably rectangle), and it is [ the cross section of each path ] desirable in a longitudinal direction that it is simultaneously 
regularity. The extrusion punch (extrusion tool) 13 for pushing on the entrance-side path 25 the material poured into this 
trajectory is formed so that this path may be slid. Moreover, the presser-foot punch (presser-foot tool) 14 which applies back 
pressure to the outlet side path 27 by pushing back the material extruded from this trajectory is formed so that this path may 
be slid. 

[0034] In case thermoelectric material carries out extruding using a dice 21, while pouring thermoelectric material into the 
entrance-side path 25 and dropping extrusion punch 13, presser-foot punch 14 is retreated applying back pressure. At this 
time, as shown in drawing 3 (B), various shearing stress is added to thermoelectric material 20. That is, like the 1st operation 
form, the boundary section X which the entrance-side path 25 and the outlet side path 27 open for free passage at a right 
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angle mostly serves as a shear zone, and thermoelectric material 20 receives strong shearing stress in the boundary section X. 
Furthermore, since thermoelectric material 20 was pressed down in the outlet side path 27 and has received the high 
compressive stress S from punch 14, the shearing stress in the boundary section X becomes strong. Then, repeat extrusion 
can also be performed by pressing down with extrusion punch 13, reversing the movement of punch 14, and making it go. 
[0035] Moreover, in this operation gestalt, the repeat extrusion of material becomes possible by making the same the 
cross-section configuration of the entrance-side path 25 and the outlet side path 27. In this case, since multiple-times shearing 
stress can be added to material, crystal grain rums minutely further and the amount of preferred orientation improves. 
[0036] Next, the 3rd operation gestalt of this invention is explained. Drawing 4 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 3rd operation gestalt of this invention, and punch, and (A) of 
drawing 4 and (B) show two states under extruding. 

[0037] The extruding equipment concerning this operation form changes the configuration of two punch in the 2nd operation 
form. Extrusion punch 23 slides the entrance-side path 25, while the extrusion side maintains parallel mostly with the cross 
section in the boundary section X of a dice 21 which is not carried thermoelectric-material 20. Moreover, presser-foot punch 
24 slides the outlet side path 27, maintaining parallel mostly with the cross section in the boundary section X of a dice 21 
which is not carried thermoelectric-material 20. Thereby, the direction of the extrusion force is made in agreement with the 
move direction of material, and more smooth extruding can be performed. 

[0038] In addition, in this operation form, it is desirable to perform extruding, as the thermoelectric material 20 for extruding 
is created and the cleavage plane of a crystal becomes almost parallel to the shear side in the boundary section X of a dice 21 
by starting bulk of the sintered thermoelectric material aslant. 

[0039] Next, the 4th operation form of this invention is explained. Drawing 5 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 4th operation lorm of this invention, and punch. The 
entrance-side path 35 in which punch 33 is taken in and out of a dice 31 up and down, and the outlet side path 37 by which 
mold goods are extruded are formed. In a dice 3 1, the entrance-side path 35 and the outlet side path 37 are open for free 
passage. 

[0040] The entrance-side path 35 is formed so that it may have a square (preferably rectangle) cross-section configuration 
and may have the field where the cross section decreases toward the free passage section with the outlet side path 37. That is, 
the entrance-side path 35 contains entrance section 35a of simultaneously regularity of the cross section, converging section 
35b to which the cross section decreases gradually, and that the cross section's has decreased diameter reduction section 35c. 
The outlet side path 37 has a square (preferably rectangle) cross-section configuration, and the cross section is 
simultaneously regularity in the longitudinal direction of a path. In addition, as for the cross section of the entrance-side path 
35, it is desirable to set almost constant a crosswise (direction perpendicular to space) size, and to apply drawing only in the 
vertical direction in drawing. 

[0041] If thermoelectric material 20 is poured into the entrance-side path 35 and punch 33 is dropped in case thermoelectric 
material carries out extruding using a dice 31, mold goods will be extruded from the outlet side path 37. At this time, external 
force is received [ of converging section 35b of the entrance-side path 35 ] from the side, and thermoelectric material 20 
deforms plastically. Furthermore, if thermoelectric material 20 progresses to the outlet side path 37, the boundary section X 
which the entrance-side path 35 and the outlet side path 37 open for free passage at a right angle mostly will serve as a shear 
zone, and thermoelectric material 20 will receive strong shearing stress in the boundary section X. Therefore, since the 
shearing stress in the case of [ each ] extrusion and L character extrusion can usually be applied, crystal grain turns minutely 
further and the amount of preferred orientation improves. By making a cross section into a rectangle especially, the variation 
in the shearing stress in the cross direction of a dice can be abolished, and shearing stress can be equalized. 
[0042] Next, the 5th operation gestalt of this invention is explained. Drawing 6 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 5th operation gestalt of this invention, and punch. The 
entrance-side path 45 in which punch 33 is taken in and out of a dice 41 up and down, and the outlet side path 47 by which 
mold goods are extruded are formed. In a dice 41, the entrance-side path 45 and the outlet side path 47 are open for free 
passage. 

[0043] The entrance-side path 45 is formed so that it may have a square (preferably rectangle) cross-section configuration 
and may have the field where the cross section decreases toward the free passage section with the outlet side path 47. that is, 
the entrance-side path 45 contains converging section 45b to which entrance section 45a of about 1 law and the cross section 
decrease [ the cross section ] gradually The outlet side path 47 is formed so that it may have a square (preferably rectangle) 
cross-section configuration and may have the field where the cross section decreases toward the outlet of a dice 41. That is, 
the outlet side path 47 contains free passage section 47a with the entrance-side path 45, converging section 47b to which the 
cross section decreases gradually, and that the cross section's has decreased diameter reduction section 47c. In addition, as 
for the cross section of the entrance-side path 45 and the outlet side path 47, it is desirable to set almost constant a crosswise 
(direction perpendicular to space) size, and to apply drawing only in the vertical direction in drawing. 
[0044] If thermoelectric material 20 is poured into the entrance-side path 45 and punch 33 is dropped in case thermoelectric 
material carries out extruding using a dice 41, mold goods will be extruded from the outlet side path 47. At this time, external 
force is received [ of converging section 45b of the entrance-side path 45 ] from the side, and thermoelectric material 20 
deforms plastically. Furthermore, if thermoelectric material 20 progresses to the outlet side path 47, the boundary section X 
which the entrance-side path 45 and the outlet side path 47 open for free passage at a right angle mostly will serve as a shear 
zone, and thermoelectric material 20 will receive strong shearing stress. In addition, external force is received [ of 
converging section 47b of the outlet side path 47 ] from the side, and thermoelectric material 20 deforms plastically. 
[0045] Therefore, since the shearing stress in the case of [ each ] L character extrusion and the usual extrusion of two batches 
can be applied, crystal grain rums minutely further and the amount of preferred orientation improves. By making a cross 
section into a rectangle especially, the variation in the shearing stress in the cross direction of a dice can be abolished, and 
shearing stress can be equalized. Moreover, since the configuration of the outlet side of a dice 4 1 is a drawing configuration 
as mentioned above, it can restrain the material which comes out in response to processing from the outlet of a dice 41, and 
can prevent destruction (buckling) of material. 

[0046] Next, the 6th operation gestalt of this invention is explained. Drawing 7 is the side cross section showing the structure 
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of the dice used in the extruding equipment concerning the 6th operation gestalt of this invention, and punch. The 
entrance-side path 55 in which punch 13 is taken in and out of the dice 51 of the extruding equipment concerning this 
operation gestalt up and down, and two outlet side paths 57 and 58 in which mold goods are extruded are formed. The 
entrance-side path 55 and the outlet side paths 57 and 58 are open for free passage, and the outlet side paths 57 and 58 
accomplished the angle of about 90 degrees to the entrance-side path 55, respectively, and are mutually prolonged in 
opposite direction. Moreover, like the 1st operation gestalt, the outlet side paths 57 and 58 are formed so that the cross 
section may decrease toward the outlet of a dice. 

[0047] If thermoelectric material 20 is poured into the entrance-side path 55 and punch 13 is dropped, mold goods will be 
extruded from two outlet side paths 57 and 58. At this time, the two boundary sections X and Y which the entrance-side path 
55 and two outlet side paths 57 and 58 open for free passage at a right angle mostly serve as a shear zone, and shearing stress 
is added to thermoelectric material 20. 

[0048] In addition, although two outlet side paths 57 and 58 were established in this operation form so that the angle of about 
90 degrees might be accomplished to the entrance-side path 55, respectively, you may establish three or more outlet side 
paths. Moreover, the angle of an entrance-side path and an outlet side path to accomplish has [ that what is necessary is just 
to be in the larger range smaller than 180 degrees than 0 degree ] the especially desirable range of 45 degrees - 135 degrees. 
[0049] Next, the 7th operation form of this invention is explained. Drawing 8 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 7th operation torm of this invention, and punch. The extruding 
equipment concerning this operation form is equipped with three punch 12, 13, and 14. The entrance-side path 65 in which 
punch 13 is taken in and out of a dice 61 up and down, the outlet side path 67 in which punch 12 is taken in and out of right 
and left, and the outlet side path 68 in which punch 14 is taken in and out of right and left are formed. In a dice 61, the 
entrance-side path 65 and the outlet side paths 67 and 68 are open for free passage. The extrusion punch (extrusion tool) 13 
for pushing on the entrance-side path 65 the material poured into this trajectory is formed so that this path may be slid. 
Moreover, the presser-foot punch (presser-foot tool) 12 which applies back pressure to the outlet side path 67 by pushing 
back the material extruded from this trajectory is formed so that this path may be slid. Similarly, by pushing back the 
material extruded from this trajectory, the presser-foot punch 14 to which back pressure is applied is formed in the outlet side 
path 68 so that this path may be slid. 

[0050] In case thermoelectric material carries out extruding using a dice 61, while pouring thermoelectric material into the 
entrance-side path 65 and dropping extrusion punch 13, presser-foot punch 12 and 14 is retreated applying back pressure. At 
this time, the two boundary sections X and Y which the entrance-side path 65 and two outlet side paths 67 and 68 open for 
free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric material 20. 
Furthermore, since thermoelectric material 20 was pressed down in the outlet side paths 67 and 68 and has received high 
compressive stress from punch 12 and 14, the shearing stress in the boundary sections X and Y becomes strong. 
[0051] Next, the 8th operation form of this invention is explained. Drawing 9 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 8th operation torm of this invention, and punch. The middle path 
76 which connects to the dice 71 of the extruding equipment concerning this operation form the entrance-side path 75 punch 
13 is taken in and out of which up and down, the outlet side path 77 by which mold goods are extruded, and the 
entrance-side path 75 and the outlet side path 77 is formed. The angle which each path is opening for free passage and the 
entrance-side path 75 and the middle path 76 make is about 90 degrees, and the angle which the middle path 76 and the 
outlet side path 77 make is about 90 degrees. The cross-section configuration of each path is a square (preferably rectangle). 
Moreover, the cross section of the entrance-side path 75 and the cross section of the middle path 76 are equal. The outlet side 
path 77 is formed so that the cross section may decrease toward the outlet of a dice 71. That is, the outlet side path 77 
contains converging section 77a to which the cross section decreases gradually from the free passage section with the middle 
path 76, and that the cross section's has decreased diameter reduction section 77b. 

[0052] If thermoelectric material is poured into the entrance-side path 75 and punch 13 is dropped, a sintered compact will 
be extruded from the outlet side path 77 through the middle path 76. At this time, a shear zone strong against thermoelectric 
material 20 is added in a path open for free passage in two places, the boundary section X which the entrance-side path 75 
and the middle path 76 open for free passage right-angled, and the boundary section Y which the middle path 76 and the 
outlet side path 77 open for free passage right-angled. Furthermore, since converging section 77a is formed in the outlet side 
path 77, also in this converging section 77a, external force is received [ E ] from the side, and thermoelectric material 20 
deforms plastically. Therefore, it is possible to make crystal grain turn minutely further and to raise a stacking tendency. 
Moreover, since the configuration of the outlet side of a dice 71 is a drawing configuration as mentioned above, it can 
restrain the material which comes out in response to processing from the outlet of a dice 7 1 , and can prevent destruction 
(buckling) of material. 

[0053] Next, the 9th operation form of this invention is explained. Drawing 10 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 9th operation torm of this invention, and punch. The middle path 
86 which connects to the dice 81 of the extruding equipment concerning this operation form the entrance-side path 85 punch 
13 is taken in and out of which up and down, the outlet side path 87 by which mold goods are extruded, and the 
entrance-side path 85 and the outlet side path 87 is formed. The angle which each path is opening for free passage and the 
entrance-side path 85 and the middle path 86 make is about 90 degrees, and the angle which the middle path 86 and the 
outlet side path 87 make is about 90 degrees. The cross-section configuration of each path is a square (preferably rectangle). 
Moreover, the cross section of each path is small in order of the entrance-side path 85, the middle path 86, and the outlet side 
path 87. Furthermore, the outlet side path 87 is formed so that the cross section may decrease toward the outlet of a dice 81 . 
[0054] If thermoelectric material 20 is poured into the entrance-side path 85 and punch 13 is dropped, a sintered compact 
will be extruded from the outlet path 87 through the middle path 86. Since the cross section is decreasing as these paths go to 
the outlet side of material at this time, it is very effective for preventing buckling of material. 

[0055] When an extrusion path has two or more bends as in the 8th operation form or the 9th operation form especially, 
destruction of material can be suppressed by putting in dummy material at the nose of cam of thermoelectric material 20, and 
performing extruding. 

[0056] Next, the 10th operation form of this invention is explained. In the following operation forms, T character extrusion is 
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performed using two punch. Drawing 1 1 is drawing showing the outline of the extruding equipment concerning the 10th 
operation form of this invention. As shown in drawing 1 1 , extruding equipment 100 contains two punch 1 12 and 113 which 
extrudes the thermoelectric material 20 by which powder molding was carried out, and the dice 111 which is the metal mold 
which makes the thermoelectric material 20 extruded by punch 1 12 and 113 deform plastically. Punch 112 and 113 moves to 
right and left with the slides 101 and 102 driven with an actuator (oil hydraulic cylinder). The extrusion pressure of punch 
1 12 and 1 13 is measured by load cells 103 and 104, respectively, and the variation rate of punch 112 and 1 13 is measured by 
displacement gages 105 and 106, respectively. By acting as the monitor of the relation between the measurement value of 
displacement gages 105 and 106, and elapsed time, the drive of slides 101 and 102 is controllable so that punch 112 and 113 
extrudes thermoelectric material 20 at an almost fixed extrusion speed. 

[0057] On the base 107 in which the dice 1 1 1 is installed, the heater 108 for heating a dice 1 1 1 and thermoelectric material 
20 is installed. By using a heater 108, it is possible to perform hot-extrusion processing. The temperature of a dice 1 1 1 is 
measured by the temperature sensor 109 arranged near the dice 1 1 1. By feeding back the measurement value of a 
temperature sensor 109 and controlling the calorific value of a heater 108, a dice 1 1 1 and thermoelectric material 20 can be 
maintained at desired temperature. 

[0058] As for hot-extrusion processing, it is desirable in inert gas atmosphere, such as an argon, or a vacuum to perform 
extrusion speed as for example, 0.1 mm/min, keeping more desirable 350 degrees C - 600 degrees C of working temperatures 
at 420 degrees C - about 500 degrees C. 

[0059] Drawing 12 is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
10th operation lorm of this invention, and punch. Two entrance-side paths 121 and 122 in which two punch 112 and 1 13 is 
taken in and out of right and left, respectively, and the outlet side path 123 by which mold goods are extruded are formed in 
the dice 111 of the extruding equipment concerning this operation form. The entrance-side paths 112 and 113 and the outlet 
side path 123 are open for free passage. In this invention, it is required for the outlet side path 123 to accomplish a larger 
angle smaller than 180 degrees than 0 degree to the entrance-side paths 1 12 and 113, and it may be 45 degrees - 135 degrees 
desirably. In the following operation forms, the angle which makes this angle about 90 degrees, and the entrance-side paths 
112 and 113 constitute is made into about 180 degrees. 

[0060] If thermoelectric material 20 is poured in from the entrance-side path 1 2 1 or 1 22 and punch 1 1 2 and 1 1 3 is driven, 
thermoelectric material 20 will be equally pressurized from both sides, and mold goods will be extruded from the outlet side 
path 123. At this time, the two boundary sections X and Y which two entrance-side paths 121 and 122 and outlet side paths 
123 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric 
material 20. Thus, the orientation of the crystal grain in thermoelectric material serves as a bilateral symmetry to the 
longitudinal plane of symmetry of thermoelectric material by adding shearing stress equally from right and left. 
[0061] Next, the 1 1th operation form of this invention is explained. Drawing 13 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the 1 1th operation form of this invention, and punch. The 
entrance-side paths 1 3 1 and 1 32 in which two punch 1 1 2 and 1 13 is taken in and out of right and left, respectively, and two 
outlet side paths 133 in which mold goods are extruded are formed in the dice 130 of the extruding equipment concerning 
this operation form. Like the 1st operation form, the converging section 134 is formed in the outlet side path 133 so that the 
cross section may decrease toward the outlet of a dice. 

[0062] If thermoelectric material 20 is poured into the entrance-side path 131 or 132 and punch 1 12 and 113 is driven, 
thermoelectric material 20 will be equally pressurized from both sides, and mold goods will be extruded from the outlet side 
path 133. At this time, the two boundary sections X and Y which two entrance-side paths 131 and 132 and outlet side paths 
133 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric 
material 20. Furthermore, if thermoelectric material 20 progresses to the outlet side path 133, external force will be received 
of the converging section 134 of this trajectory / E ] from the side, and thermoelectric material 20 will deform plastically. 
The crystal grain which constitutes thermoelectric material turns minutely further by this, and the amount of preferred 
orientation improves. 

[0063] According to this operation form, both extrusion usually receives symmetrical shearing stress to the center line of 
thermoelectric material with T character extrusion. Therefore, over the whole interior of thermoelectric material, the 
orientation of a grain boundary is a bilateral symmetry and the thermoelectric material which does not have variation in the 
property of the organization by the position can be manufactured. 

[0064] Next, the 12th operation form of this invention is explained. Drawing 14 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the IZth operation form of this invention, and punch. The 
extruding equipment concerning this operation form is equipped with three punch 1 12, 113, and 1 14. The entrance-side paths 
141 and 142 in which two punch 1 12 and 1 13 is taken in and out of right and left, respectively, and the outlet side path 143 
punch 1 14 is taken in and out of which up and down are formed in the dice 140. The extrusion punch 1 12 and 1 13 for 
pushing on the entrance-side paths 141 and 142 the material poured into this trajectory from both sides is formed so that this 
path may be slid. Moreover, the presser-foot punch (presser-foot tool) 1 14 which applies back pressure to the outlet side path 
67 by pushing back the material extruded from this trajectory is formed so that this path may be slid. 
[0065] In case thermoelectric material carries out extruding using a dice 140, while pouring in thermoelectric material from 
the entrance-side path 141 or 142 and making extrusion punch 1 12 and 1 13 drive, presser-foot punch 1 14 is retreated 
applying back pressure. At this time, the two boundary sections X and Y which two entrance-side paths 141 and 142 and 
outlet side paths 143 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to 
thermoelectric material 20. Furthermore, since thermoelectric material 20 was pressed down in the outlet side path 143 and 
has received high compressive stress from punch 1 14, the shearing stress in the boundary sections X and Y becomes strong. 
[0066] 

[Effect of the Invention] Like, according to this invention, since the shearing stress in the case of [ each ] extrusion usually 
described above can be applied with L character extrusion, crystal grain can be turned further minutely and the amount of 
preferred orientation can be raised. Thermal conductivity kappa becomes small by detailed-ization of this crystal grain, and a 
performance index Z improves. Moreover, a performance index Z improves also by improvement in the amount of preferred 
orientation. Therefore, it becomes possible to manufacture thermoelectric material with a high thermoelectrical performance. 
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Moreover, in applying shearing stress by T character extrusion, while making crystal grain detailed, it has a symmetrical 
stacking tendency to the direction of extrusion, and it becomes possible to manufacture a homogeneous thermoelectric 
material which does not have variation in the property of the organization by the position. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the extruding equipment suitable for extruding of 
the thermoelectric material used in order to manufacture a thermoelement especially, and the extruding method about the 
extruding equipment and the extruding method which are used in order to perform extruding which is a kind of plastic 
deformation processing to a metal, a semiconductor material, an oxide, etc. generally. 
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PRIOR ART 



[Description of the Prior Art] A thermoelement means the element using the thermoelectric effects, such as the Thomson 
effect, a Peltier effect, and the Seebeck effect, a thermocouple, an electronic cooling element, etc., and far-reaching use 
attracts attention from a property that handling is simply [ structure ] easy and stable being maintainable. Especially as an 
electronic cooling element, since the precise temperature control a local hypothermia and near a room temperature is 
possible, research and development are widely furthered towards the application to temperature control, such as 
optoelectronics and semiconductor laser, a small refrigerator, etc. 

[0003] A big thing of the performance index Z expressed with 2/[ of Z=alpha ] rhokappa is desired using specific resistance 
(resistivity) rho, thermal conductivity kappa, and Seebeck-coefficient alpha as a thermoelement. Moreover, many of 
thermoelectrical semiconductor materials have an anisotropy resulting from the crystal structure. Generally, an anisotropy 
crystal has cleavage and its material strength is brittle. For this reason, as a charge of real material, not single crystal material 
but the polycrystal material which carried out orientation to the big crystal orientation of a performance index is used. In 
order to obtain a good performance index, it is effective to establish the process of plastic working, such as extruding which 
sinters the crystal material made to solidify after fine-particles-izing, and gives shearing stress after sintering. 
[0004] While raising the amount of preferred orientation of a thermoelectrical semiconductor material to the Japan patent 
application public presentation (provisional publication of a patent) No. 1245 12 [ 2000 to ] official report, the rate of the 
yield at the time of starting a rectangular parallelepiped-like thermoelement is raised, and the manufacture method of the 
thermoelectrical semiconductor material which makes a surface-lapping process and a consolidation process possible is 
indicated. 

[0005] Drawing 15 is drawing which explains typically the manufacture method of the thermoelectrical semiconductor 
material currently mdicated by JP,2000- 1 245 1 2,A, and, in (A) of drawing 15 , (B) shows the state after punch press before 
punch press. In this manufacture method, thermoelectric material is used as the rectangular parallelepiped-like sintered 
compact 210, this sintered compact 2 1 0 is poured into a dice 2 1 1 , and punch 2 1 3 is dropped. The entrance-side path 215 into 
which a sintered compact 2 1 0 is poured, and the extrusion path 2 1 7 of the shape of a rectangular parallelepiped with the 
cross section smaller than the entrance-side path 215 are formed in the dice 21 1. A sintered compact 210 is extruded from the 
extrusion path 217 by the press force of punch 213 down [ D ], and rectangular parallelepiped-like mold goods are obtained 
according to it. In the case of this extrusion, a sintered compact 210 deforms [ of a dice 21 1 / E ] plastically in response to 
external force from the side. For this reason, the external force concerning material is large, and tends to require the force for 
the whole material. 

[0006] Therefore, according to this manufacture method, dynamic recrystallization under destruction by plastic deformation 
and fabrication is performed good, and crystal grain makes it detailed. Thermal conductivity kappa becomes small by 
detailed-ization of this crystal grain, and a performance index Z improves. Moreover, rather than hot forging, external force 
is added, a degree is good, an anisotropy increases and a performance index improves. 

[0007] Moreover, enabling the re-manifestation of a more perfect anisotropy is indicated by giving high shearing stress to the 
reference "orientation control of the Bi-Te system material by the strong shear addition knockout" (the 5 1st plastic- working 
union lecture meeting, 3 -November 5, 2000) by **** and others at thermoelectric material using the dice which has a L 
character type path. 

[0008] Drawing 16 is drawing which explains typically the method currently indicated by the above-mentioned reference, 
and, in (A) ot drawing 16 , (B) shows the state after punch press before punch press. In this method, the Bi-Te system 
material 220 is enclosed into the dice 221 which has the L character type path which consists of an entrance-side path 225 
and an outlet side path 227, and it presses by punch 223. Material 220 is extruded receiving strong shearing stress in the 
right-angled section X of a path. At this time, a skid occurs in the easy sliding surface (cleavage plane) of a Bi-Te crystal, 
and the rearrangement of the crystal is carried out by causing rotation simultaneously. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Like, according to this invention, since the shearing stress in the case of [ each ] extrusion usually 
described above can be applied with L character extrusion, crystal grain can be turned further minutely and the amount of 
preferred orientation can be raised. Thermal conductivity kappa becomes small by detailed-ization of this crystal grain, and a 
performance index Z improves. Moreover, a performance index Z improves also by improvement in the amount of preferred 
orientation. Therefore, it becomes possible to manufacture thermoelectric material with a high thermoelectrical performance. 
Moreover, in applying shearing stress by T character extrusion, while making crystal grain detailed, it has a symmetrical 
stacking tendency to the direction of extrusion, and it becomes possible to manufacture a homogeneous thermoelectric 
material which does not have variation in the property of the organization by the position. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in recent years, development of a thermoelement with a more high 
performance is progressing with highly-efficient- izing and improvement in the speed of optoelectronics, semiconductor laser, 
etc. to which a thermoelement is applied. Furthermore, thermoelectrical efficiency-of-element-mass production method is 
also demanded by development of this field. 

[0010] Although according to the method currently indicated by above-mentioned JP,2000-124512,A sufficient shearing 
stress is obtained near the contact surface of the material in a dice, and a dice and it is easy to carry out the rearrangement of 
the crystal, obtaining the still more uniform amount of preferred orientation is expected by abolishing the difference of the 
shearing stress of the core C of the material shown in drawing 15 (B), and Flank P. 

[001 1] Moreover, according to the method currently indicated by "orientation control of the Bi-Te system material by the 
strong shear addition knockout", even if material takes which portion in a cross section, in order that it may receive shearing 
stress uniformly, a product with a uniform property is obtained in the interior of material. However, it is only 1 time at the 
time of passing the right-angled section (L character type section) X of a dice that material receives shearing stress. For this 
reason, the amount of the shearing stress added cannot say that it is enough, but sufficient orientation is hard to be acquired. 
[0012] Multiple- times addition of the shearing stress can be carried out by making the configuration of the entrance of a dice, 
and an outlet the same, and on the other hand, carrying out L character extrusion of multiple times in the L character 
extrusion of other conventional metallic materials. However, when using weak brittle materials, such as Bi-Te, it is necessary 
to add compressive stress at an outlet by making an outlet smaller than an entrance. This is for material to break in the L 
character section (buckling), when the configuration of an entrance and an outlet is made equal. Therefore, in fabrication of 
thermoelectric material, L character extrusion of multiple times cannot be performed and multiple-times addition of the 
shearing stress cannot be carried out. 

[0013] Then, in view of the above-mentioned point, this invention aims at offering the extruding equipment and the 
extruding method of manufacturing thermoelectric material with a high thermoelectrical performance by adding sufficient 
shearing stress for material. 
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MEANS 



[Means for Solving the Problem] In order to solve the above technical problem, the extruding equipment concerning the 1st 
viewpoint of this invention It is the 2nd extrusion path continued for the 1st extrusion path located in the entrance side of 
material, and the 1st extrusion path. The 2nd extrusion path which accomplishes a larger angle smaller than 180 degrees than 
0 times to the 1st extrusion path is formed at least, and the dice which has the field where the cross section decreases toward 
the outlet side of material is provided in one of extrusion paths. 

[0015] Shearing stress can be added also in this portion by extruding L characters, and being alike, in addition extracting one 
of extrusion paths, and considering as a configuration. Therefore, since the shearing stress in the case of [ each ] extrusion 
usually can be applied with L character extrusion, crystal grain turns minutely further and the amount of preferred orientation 
improves. Although the outlet configuration was made small and destruction (buckling) of material was prevented in the 
conventional L character extrusion, according to the 1st viewpoint of this invention, destruction (buckling) of material can be 
prevented by extracting the last extrusion path like the usual extrusion type, and considering as a configuration. 
[0016] Moreover, the extruding equipment concerning the 2nd viewpoint of this invention It is the 2nd extrusion path 
continued for the 1st extrusion path located in the entrance side of material, and the 1st extrusion path. The dice with which 
the 2nd extrusion path which accomplishes a larger angle smaller than 180 degrees than 0 times to the 1st extrusion path was 
formed at least, The extrusion tool for pushing the material poured into the 1st extrusion path and the presser-foot tool for 
pushing back the material extruded from the 2nd extrusion path are provided. 

[0017] According to the 2nd viewpoint of this invention, destruction (buckling) of material can be prevented by having the 
tool which pushes back the material extruded from the 2nd extrusion path of a dice. Moreover, since high compressive stress 
can be added from the 2nd extrusion path, the shearing stress in the L character section also becomes high. Then, repeat 
extrusion can also be performed by pressing down with extrusion punch 13, reversing the movement of punch 14, and 
making it go. Furthermore, since the configuration of the 1st extrusion path and the 2nd extrusion path can be made the 
same, the repeat extrusion of material becomes possible. Therefore, using the same equipment, by carrying out 
multiple-times addition of the shearing stress, crystal grain turns minutely further and the amount of preferred orientation 
improves. 

[0018] It is desirable for each of the 1st and 2nd extrusion paths to have a rectangle cross section above. By making a cross 
section into a rectangle, the variation in the shearing stress in the cross direction of a dice can be abolished, and shearing 
stress can be equalized. Moreover, if it is made for a dice to have two or more outlets, since two or more material can be 
manufactured at a time, it is suitable for mass production. 

[0019] Moreover, the extruding equipment concerning the 3rd viewpoint of this invention The 1st extrusion path located in 
the entrance side of the material prepared in the 1st direction, The 2nd extrusion path located in the entrance side of the 
material prepared in the 2nd direction, It is the 3rd extrusion path continued for the 1st and 2nd extrusion paths, and the dice 
with which the 3rd extrusion path which accomplishes a larger angle smaller than 180 degrees than 0 times to the 1st and 2nd 
extrusion paths was formed at least is provided. 

[0020] Since it extrudes for the 3rd path according to the 3rd viewpoint of this invention, pushing on thermoelectric material 
from both sides in the 1st and 2nd paths, and putting a pressure, the shearing stress of a bilateral symmetry is added to 
thermoelectric material. Therefore, the symmetric property of the orientation of crystal grain can be raised in thermoelectric 
material. 

[0021] The extruding method concerning this invention performs extruding of material using one of above extruding 
equipments. When using the extruding equipment especially applied to the 1st viewpoint of this invention, it is possible by 
performing extruding of material two or more times to make crystal grain detailed further, making the cross section of 
material small for every one processing. 

[0022] Moreover, when using the extruding equipment concerning the 1st of this invention, and the 2nd viewpoint, it is 
desirable to perform extruding of material two or more times, putting in dummy material at the nose of cam of material. In 
case multiple-times extrusion of L characters is performed especially, destruction (buckling) of material can be prevented. 
Furthermore, it is desirable to perform extruding of material above between heat. In this case, it is hard coming to destroy 
material and recrystallization becomes easy to happen. 
[0023] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. In 
addition, the reference number same about the same component is attached, and explanation is omitted. Drawing 1 is 
drawing showing the outline of the extruding equipment concerning the 1st operation gestalt of this invention. As shown in 
drawing 1 , extruding equipment 10 contains the dice 1 1 which are the punch (extrusion tool) 13 which extrudes the 
Uiermoele'ctric material 20 by which powder molding was carried out, and the metal mold which makes the thermoelectric 
material 20 extruded by punch 13 deform plastically. Punch 13 moves up and down with the slide 1 driven with an actuator 
(oil hydraulic cylinder). The extrusion pressure of punch 13 is measured by the load cell 2, and the variation rate of punch 13 
is measured by the displacement gage 5. By acting as the monitor of the relation between the measurement value of a 
displacement gage 5, and elapsed time, the drive of slide 1 is controllable so that punch 13 extrudes thermoelectric material 
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20 at an almost fixed extrusion speed. 

[0024] On the base 7 in which the dice 1 1 is installed, the heater 6 for heating a dice 1 1 and thermoelectric material 20 is 
installed. By using a heater 6, it is possible to perform hot-extrusion processing. The temperature of a dice 1 1 is measured by 
the temperature sensor 8 arranged near the dice 1 1 . By feeding back the measurement value of a temperature sensor 8 and 
controlling the calorific value of a heater 6, a dice 1 1 and thermoelectric material 20 can be maintained at desired 
temperature. 

[0025] As for hot-extrusion processing, it is desirable in inert gas atmosphere, such as an argon, or a vacuum to perform 
extrusion speed as for example, 0.1 mm/min, keeping more desirable 350 degrees C - 600 degrees C of working temperatures 
at 420 degrees C - about 500 degrees C. In addition, in this operation form, although the dice 1 1 was fixed and punch 13 was 
moved, punch 13 may be fixed to this reverse and a dice 1 1 may be moved to it. 

[0026] Drawing 2 is die side cross section showing the structure of the dice used in the extruding equipment concerning the 
1st operation gestalt of this invention, and punch, and (A) of drawing 2 and (B) show two states under extruding. The 
entrance-side path 15 in which punch 13 is taken in and out ot a dice 1 1 up and down, and the outlet side path 17 by which 
mold goods are extruded are formed. The entrance-side path 15 and the outlet side path 17 are open for free passage 
(continuation), and the shaft of the longitudinal direction of the entrance-side path 15 and the shaft of the longitudinal 
direction of the outlet side path 17 form the angle theta. In this invention, it is required for an angle theta to be in the larger 
range smaller than 180 degrees than 0 degree, and it may be 45-135 degrees desirably. The angle theta is made into about 90 
degrees in the following operation gestalten. 

[0027] The entrance-side path 15 has a square (preferably rectangle) cross-section configuration, and the cross section is 
simultaneously regularity in the longitudinal direction of a path. The outlet side path 17 is formed so that it may have a 
square (preferably rectangle) cross-section configuration and may have the field where the cross section decreases toward the 
outlet of a dice 11. That is, the outlet side path 17 contains free passage section 17a with the entrance-side path 15, 
converging section 17b to which the cross section decreases gradually, and that the cross section's has decreased diameter 
reduction section 17c. In addition, as for the cross section of the outlet side path 17, it is desirable to set almost constant a 
crosswise (direction perpendicular to space) size, and to apply drawing only in the vertical direction in drawing. 
[0028] As a thermoelectric material used for manufacture of a thermoelement, compounds containing these, such as 
antimony, a bismuth, a selenium, a tellurium, cobalt, manganese, silicon, zinc, magnesium, iron, and germanium, are 
mentioned. Extruding is performed to the ingot material, the fine particles, the green compact, the sintered compacts, and 
these processing objects of such a material. 

[0029] If it explains in more detail, a selenium (Se) and a tellurium (Te) will be used as a VI group element, for example, 
using antimony (Sb) and a bismuth (Bi) as a V group element. The solid solution of V group element and VI group element 
has hexagonal structure. About concrete composition of thermoelectric material, the dopant of P type can be added and used 
for the rnixed-crystal system solid solution of a bismuth telluride (Bi2Te3) and tellurium-ized antimony (Sb2Te3) as a 
material of a P type element, or the dopant of N type can be added and used for the mixed-crystal system solid solution of a 
bismuth telluride (Bi2Te3) and a selenium-ized bismuth (Bi2Se3) as a material of an N type element. 
[0030] If thermoelectric material 20 is poured into the entrance-side path 15 and punch 13 is dropped in case thermoelectric 
material 20 carries out extruding using a dice 1 1, mold goods will be extruded from the outlet side path 17. At this time, as 
shown in drawing 2 (B), various shearing stress is added to a sintered compact 20. The boundary section X which the 
entrance-side path 15 and the outlet side path 17 open for free passage at a right angle mostly serves as a shear zone, and 
thermoelectric material 20 receives strong shearing stress in the boundary section X. 

[003 1] Furthermore, if thermoelectric material 20 progresses to the outlet side path 17, external force will be received [ of 
converging section 17b of this trajectory / E ] from the side, and thermoelectric material 20 will deform plastically. 
Therefore, since the shearing stress in the case of [ each ] extrusion usually can be applied with L character extrusion, crystal 
grain turns minutely further and the amount of preferred orientation improves. By making the cross section of a trajectory 
into a rectangle especially, the variation in the shearing stress in the cross direction of a dice can be abolished, and shearing 
stress can be equalized. Moreover, since the configuration of the outlet side of a dice 1 1 is a drawing configuration as 
mentioned above, it can restrain the material which comes out in response to processing from the outlet of a dice 1 1, and can 
prevent destruction (buckling) of material. 

[0032] Next, the 2nd operation gestalt of this invention is explained. Drawing 3 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the 2nd operation gestalt of this invention, and punch, and, 
in (A) of drawing 3 , (B) shows the state after punch press before punch press. 

[0033] The extruding equipment concerning this operation gestalt is equipped with two punch 13 and 14. The entrance-side 
path 25 in which punch 13 is taken in and out of a dice 21 up and down, and the outlet side path 27 in which punch 14 is 
taken in and out of right and left are formed. In a dice 21, the entrance-side path 25 and the outlet side path 21 are open for 
free passage. The entrance-side path 25 and the outlet side path 27 have the cross-section configuration of the same square 
(preferably rectangle), and it is [ the cross section of each path ] desirable in a longitudinal direction that it is simultaneously 
regularity. The extrusion punch (extrusion tool) 13 for pushing on the entrance-side path 25 the material poured into this 
trajectory is formed so that this path may be slid: Moreover, the presser-foot punch (presser-foot tool) 14 which applies back 
pressure to the outlet side path 27 by pushing back the material extruded from this trajectory is formed so that this path may 
be slid. 

[0034] In case thermoelectric material carries out extruding using a dice 21, while pouring thermoelectric material into the 
entrance-side path 25 and dropping extrusion punch 13, presser-foot punch 14 is retreated applying back pressure. At this 
time, as shown in drawing 3 (B), various shearing stress is added to thermoelectric material 20. That is, like the 1st operation 
gestalt, the boundary section X which the entrance-side path 25 and the outlet side path 27 open for free passage at a right 
angle mostly serves as a shear zone, and thermoelectric material 20 receives strong shearing stress in the boundary section X. 
Furthermore, since thermoelectric material 20 was pressed down in the outlet side path 27 and has received the high 
compressive stress S from punch 14, the shearing stress in the boundary section X becomes strong. Then, repeat extrusion 
can also be performed by pressing down with extrusion punch 13, reversing the movement of punch 14, and making it go. 
[0035] Moreover, in this operation form, the repeat extrusion of material becomes possible by making the same the 
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cross-section configuration of the entrance-side path 25 and the outlet side path 27. In this case, since multiple-times shearing 
stress can be added to material, crystal grain turns minutely further and the amount of preferred orientation improves. 
[0036] Next, the 3rd operation form of this invention is explained. Drawing 4 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 3rd operation torm of this invention, and punch, and (A) of 
drawing 4 and (B) show two states under extruding. 

[0U3 /J The extruding equipment concerning this operation gestalt changes the configuration of two punch in the 2nd 
operation gestalt. Extrusion punch 23 slides the entrance-side path 25, while the extrusion side maintains parallel mostly with 
the cross section in the boundary section X of a dice 21 which is not carried thermoelectric-material 20. Moreover, 
presser-foot punch 24 slides the outlet side path 27, maintaining parallel mostly with the cross section in the boundary 
section X of a dice 21 which is not carried thermoelectric-material 20. Thereby, the direction of the extrusion force is made 
in agreement with the move direction of material, and more smooth extruding can be performed. 
[0038] In addition, in this operation gestalt, it is desirable to perform extruding, as the thermoelectric material 20 for 
extruding is created and the cleavage plane of a crystal becomes almost parallel to the shear side in the boundary section X of 
a dice 2 1 by starting bulk of the sintered thermoelectric material aslant. 

[0039] Next, the 4th operation gestalt of this invention is explained. Drawing 5 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 4th operation gestalt of this invention, and punch. The 
entrance-side path 35 in which punch 33 is taken in and out of a dice 3 1 up and down, and the outlet side path 37 by which 
mold goods are extruded are formed. In a dice 31, the entrance-side path 35 and the outlet side path 37 are open for free 
passage. 

[0040] The entrance-side path 35 is formed so that it may have a square (preferably rectangle) cross-section configuration 
and may have the field where the cross section decreases toward the free passage section with the outlet side path 37. that is, 
the entrance-side path 35 contains converging section 35b to which entrance section 35a of about 1 law and the cross section 
decrease [ the cross section ] gradually, and that the cross section's has decreased diameter reduction section 35c The outlet 
side path 37 has a square (preferably rectangle) cross-section configuration, and the cross section is simultaneously regularity 
in the longitudinal direction of a path. In addition, as for the cross section of the entrance-side path 35, it is desirable to set 
almost constant a crosswise (direction perpendicular to space) size, and to apply drawing only in the vertical direction in 
drawing. 

[0041] If thermoelectric material 20 is poured into the entrance-side path 35 and punch 33 is dropped in case thermoelectric 
material carries out extruding using a dice 31, mold goods will be extruded from the outlet side path 37. At this time, external 
force is received [ of converging section 35b of the entrance-side path 35 ] from the side, and thermoelectric material 20 
deforms plastically. Furthermore, if thermoelectric material 20 progresses to the outlet side path 37, the boundary section X 
which the entrance-side path 35 and the outlet side path 37 open for free passage at a right angle mostly will serve as a shear 
zone, and thermoelectric material 20 will receive strong shearing stress in the boundary section X. Therefore, since the 
shearing stress in the case of [ each ] extrusion and L character extrusion can usually be applied, crystal grain turns minutely 
further and the amount of preferred orientation improves. By making a cross section into a rectangle especially, the variation 
in the shearing stress in the cross direction of a dice can be abolished, and shearing stress can be equalized. 
[0042] Next, the 5th operation gestalt of this invention is explained. Drawing 6 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 5th operation gestalt of this invention, and punch. The 
entrance-side path 45 in which punch 33 is taken in and out of a dice 41 up and down, and the outlet side path 47 by which 
mold goods are extruded are formed. In a dice 41, the entrance-side path 45 and the outlet side path 47 are open for free 
passage. 

[0043] The entrance-side path 45 is formed so that it may have a square (preferably rectangle) cross-section configuration 
and may have the field where the cross section decreases toward the free passage section with the outlet side path 47. that is, 
the entrance-side path 45 contains converging section 45b to which entrance section 45a of about 1 law and the cross section 
decrease [ the cross section ] gradually The outlet side path 47 is formed so that it may have a square (preferably rectangle) 
cross-section configuration and may have the field where the cross section decreases toward the outlet of a dice 41. That is, 
the outlet side path 47 contains free passage section 47a with the entrance-side path 45, converging section 47b to which the 
cross section decreases gradually, and that the cross section's has decreased diameter reduction section 47c. In addition, as 
for the cross section of the entrance-side path 45 and the outlet side path 47, it is desirable to set almost constant a crosswise 
(direction perpendicular to space) size, and to apply drawing only in the vertical direction in drawing. 
[0044] If thermoelectric material 20 .is poured into the entrance-side path 45 and punch 33 is dropped in case thermoelectric 
material carries out extruding using a dice 41, mold goods will be extruded from the outlet side path 47. At this time, external 
force is received [ of converging section 45b of the entrance-side path 45 ] from the side, and thermoelectric material 20 
deforms plastically. Furthermore, if thermoelectric material 20 progresses to the outlet side path 47, the boundary section X 
which the entrance-side path 45 and the outlet side path 47 open for free passage at a right angle mostly will serve as a shear 
zone, and thermoelectric material 20 will receive strong shearing stress. In addition, external force is received [ of 
converging section 47b of the outlet side path 47 ] from the side, and thermoelectric material 20 deforms plastically. 
[0045] Therefore, since the shearing stress in the case of [ each ] L character extrusion and the usual extrusion of two batches 
can be applied, crystal grain turns minutely further and the amount of preferred orientation improves. By making a cross 
section into a rectangle especially, the variation in the shearing stress in the cross direction of a dice can be abolished, and 
shearing stress can be equalized. Moreover, since the configuration of the outlet side of a dice 41 is a drawing configuration 
as mentioned above, it can restrain the material which comes out in response to processing from the outlet of a dice 41, and 
can prevent destruction (buckling) of material. 

[0046] Next, the 6th operation form of this invention is explained. Drawing 7 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 6th operation torm of this invention, and punch. The 
entrance-side path 55 in which punch 13 is taken in and out of the dice 5 1 of the extruding equipment concerning this 
operation form up and down, and two outlet side paths 57 and 58 in which mold goods are extruded are formed. The • 
entrance-side path 55 and the outlet side paths 57 and 58 are open for free passage, and the outlet side paths 57 and 58 
accomplished the angle of about 90 degrees to the entrance-side path 55, respectively, and are mutually prolonged in 
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opposite direction. Moreover, like the 1st operation form, the outlet side paths 57 and 58 are formed so that the cross section 
may decrease toward the outlet of a dice. 

[0047] If thermoelectric material 20 is poured into the entrance-side path 55 and punch 13 is dropped, mold goods will be 
extruded from two outlet side paths 57 and 58. At this time, the two boundary sections X and Y which the entrance-side path 
55 and two outlet side paths 57 and 58 open for free passage at a right angle mostly serve as a shear zone, and shearing stress 
is added to thermoelectric material 20. 

[0048] In addition, although two outlet side paths 57 and 58 were established in this operation form so that the angle of about 
90 degrees might be accomplished to the entrance-side path 55, respectively, you may establish three or more outlet side 
paths. Moreover, the angle of an entrance-side path and an outlet side path to accomplish has [ that what is necessary is just 
to be in the larger range smaller than 180 degrees than 0 degree ] the especially desirable range of 45 degrees - 135 degrees. 
[0049] Next, the 7th operation gestalt of this invention is explained. Drawing 8 is the side cross section showing the structure 
of the dice used in the extruding equipment concerning the 7th operation gestalt of this invention, and punch. The extruding 
equipment concerning this operation gestalt is equipped with three punch 12, 13, and 14. The entrance-side path 65 in which 
punch 13 is taken in and out of a dice 61 up and down, the outlet side path 67 in which punch 12 is taken in and out of right 
and left, and the outlet side path 68 in which punch 14 is taken in and out of right and left are formed. In a dice 61, the 
entrance-side path 65 and the outlet side paths 67 and 68 are open for free passage. The extrusion punch (extrusion tool) 13 
for pushing on the entrance-side path 65 the material poured into this trajectory is formed so that this path may be slid. 
Moreover, the presser-foot punch (presser-foot tool) 12 which applies back pressure to the outlet side path 67 by pushing 
back the material extruded from this trajectory is formed so that this path may be slid. Similarly, by pushing back the 
material extruded from this trajectory, the presser-foot punch 14 to which back pressure is applied is formed in the outlet side 
path 68 so that this path may be slid. 

[0050] In case thermoelectric material carries out extruding using a dice 61, while pouring thermoelectric material into the 
entrance-side path 65 and dropping extrusion punch 13, presser-foot punch 12 and 14 is retreated applying back pressure. At 
this time, the two boundary sections X and Y which the entrance-side path 65 and two outlet side paths 67 and 68 open for 
free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric material 20. 
Furthermore, since thermoelectric material 20 was pressed down in the outlet side paths 67 and 68 and has received high 
compressive stress from punch 12 and 14, the shearing stress in the boundary sections X and Y becomes strong. 
[005 1] Next, the operation gestalt of the octavus of this invention is explained. Drawing 9 is the side cross section showing 
the structure of the dice used in the extruding equipment concerning the operation gestalt of the octavus of this invention, 
and punch. The middle path 76 which connects to the dice 71 of the extruding equipment concerning this operation gestalt 
the entrance-side path 75 punch 13 is taken in and out of which up and down, the outlet side path 77 by which mold goods 
are extruded, and the entrance-side path 75 and the outlet side path 77 is formed. The angle which each path is opening for 
free passage and the entrance-side path 75 and the middle path 76 make is about 90 degrees, and the angle which the middle 
path 76 and the outlet side path 77 make is about 90 degrees. The cross-section configuration of each path is a square 
(preferably rectangle). Moreover, the cross section of the entrance-side path 75 and the cross section of the middle path 76 
are equal. The outlet side path 77 is formed so that the cross section may decrease toward the outlet of a dice 71. That is, the 
outlet side path 77 contains converging section 77a to which the cross section decreases gradually from the free passage 
section with the middle path 76, and that the cross section's has decreased diameter reduction section 77b. 
[0052] If thermoelectric material is poured into the entrance-side path 75 and punch 13 is dropped, a sintered compact will 
be extruded from the outlet side path 77 through the middle path 76. At this time, a shear zone strong against thermoelectric 
material 20 is added in a path open for free passage in two places, the boundary section X which the entrance-side path 75 
and the middle path 76 open for free passage right-angled, and the boundary section Y which the middle path 76 and the 
outlet side path 77 open for free passage right-angled. Furthermore, since converging section 77a is formed in the outlet side 
path 77, also in this converging section 77a, external force is received [ E ] from the side, and thermoelectric material 20 
deforms plastically. Therefore, it is possible to make crystal grain turn minutely further and to raise a stacking tendency. 
Moreover, since the configuration of the outlet side of a dice 71 is a drawing configuration as mentioned above, it can 
restrain the material which comes out in response to processing from the outlet of a dice 71, and can prevent destruction 
(buckling) of material. 

[0053] Next, the 9th operation gestalt of this invention is explained. Drawing 10 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the 9th operation gestalt of this invention, and punch. The 
middle path 86 which connects to the dice 81 of the extruding equipment concerning this operation gestalt the entrance-side 
path 85 punch 13 is taken in and out of which up and down, the outlet side path 87 by which mold goods are extruded, and 
the entrance-side path 85 and the outlet side path 87 is formed. The angle which each path is opening for free passage and the 
entrance-side path 85 and the middle path 86 make is about 90 degrees, and the angle which the middle path 86 and the 
outlet side path 87 make is about 90 degrees. The cross-section configuration of each path is a square (preferably rectangle). 
Moreover, the cross section of each path is small in order of the entrance-side path 85, the middle path 86, and the outlet side 
path 87. Furthermore, the outlet side path 87 is formed so that the cross section may decrease toward the outlet of a dice 81. 
[0054] If thermoelectric material 20 is poured into the entrance-side path 85 and punch 13 is dropped, a sintered compact 
will be extruded from the outlet path 87 through the middle path 86. Since the cross section is decreasing as these paths go to 
me outlet side of material at mis time, it is very effective for preventing buckling of material. 

[0055] When an extrusion path has two or more bends as in the operation gestalt of the octavus, or the 9th operation gestalt 
especially, destruction of material can be suppressed by putting in dummy material at. the nose of cam of thermoelectric 
material 20, and performing extruding. 

[0056] Next, the 10th operation gestalt of this invention is explained. In the following operation gestalten, T character 
extrusion is performed using two punch. Drawing 1 1 is drawing showing the outline of the extruding equipment concerning 
the 10th operation gestalt of this invention. As shown in drawing 1 1 , extruding equipment 100 contains two punch 1 12 and 
113 which extrudes the thermoelectric material 20 by which powder molding was carried out, and the dice 1 1 1 which is the 
metal mold which makes the thermoelectric material 20 extruded by punch 112 and 113 deform plastically. Punch 112 and 
113 moves to right and left with the slides 101 and 102 driven with an actuator (oil hydraulic cylinder). The extrusion 
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pressure of punch 1 12 and 1 13 is measured by load cells 103 and 104, respectively, and the variation rate of punch 1 12 and 
1 13 is measured by displacement gages 105 and 106, respectively. By acting as the monitor of the relation between the 
measurement value of displacement gages 105 and 106, and elapsed time, the drive of slides 101 and 102 is controllable so 
that punch 112 and 113 extrudes thermoelectric material 20 at an almost fixed extrusion speed. 

[0057] On the base 107 in which the dice 1 1 1 is installed, the heater 108 for heating a dice 1 1 1 and thermoelectric material 
20 is installed. By using a heater 108, it is possible to perform hot-extrusion processing. The temperature of a dice 1 1 1 is 
measured by the temperature sensor 109 arranged near the dice 1 1 1. By feeding back the measurement value of a 
temperature sensor 109 and controlling the calorific value of a heater 108, a dice 1 1 1 and thermoelectric material 20 can be 
maintained at desired temperature. 

[0058] As for hot-extrusion processing, it is desirable in inert gas atmosphere, such as an argon, or a vacuum to perform 
extrusion speed as for example, 0.1 mm/min, keeping more desirable 350 degrees C - 600 degrees C of working temperatures 
at 420 degrees C - about 500 degrees C. 

[0059] Drawing 12 is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
10th operation gestalt of this invention, and punch. Two entrance-side paths 121 and 122 in which two punch 1 12 and 113 is 
taken in and out of right and left, respectively, and the outlet side path 123 by which mold goods are extruded are formed in 
the dice 111 of the extruding equipment concerning this operation gestalt. The entrance-side paths 1 12 and 1 13 and the outlet 
side path 123 are open for free passage. In this invention, it is required for the outlet side path 123 to accomplish a larger 
angle smaller than 180 degrees than 0 degree to the entrance-side paths 1 12 and 1 13, and it may be 45 degrees - 135 degrees 
desirably. In the following operation gestalten, the angle which makes this angle about 90 degrees, and the entrance-side 
paths 1 12 and 113 constitute is made into about 180 degrees. 

[0060] If thermoelectric material 20 is poured in from the entrance-side path 121 or 122 and punch 112 and 1 13 is driven, 
thermoelectric material 20 will be equally pressurized from both sides, and mold goods will be extruded from the outlet side 
path 123. At this time, the two boundary sections X and Y which two entrance-side paths 121 and 122 and outlet side paths 
123 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric 
material 20. Thus, the orientation of the crystal grain in thermoelectric material serves as a bilateral symmetry to the 
longitudinal plane of symmetry of thermoelectric material by adding shearing stress equally from right and left. 
[0061] Next, the 1 1th operation gestalt of this invention is explained. Drawing 13 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the 1 1th operation gestalt of this invention, and punch. The 
entrance-side paths 131 and 132 in which two punch 112 and 1 13 is taken in and out of right and left, respectively, and two 
outlet side paths 133 in which mold goods are extruded are formed in the dice 130 of the extruding equipment concerning 
this operation gestalt. Like the 1st operation gestalt, the converging section 134 is formed in the outlet side path 133 so that 
the cross section may decrease toward the outlet of a dice. 

[0062] If thermoelectric material 20 is poured into the entrance-side path 131 or 132 and punch 112 and 1 13 is driven, 
thermoelectric material 20 will be equally pressurized from both sides, and mold goods will be extruded from the outlet side 
path 133. At this time, the two boundary sections X and Y which two entrance-side paths 131 and 132 and outlet side paths 
133 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to thermoelectric 
material 20. Furthermore, if thermoelectric material 20 progresses to the outlet side path 133, external force will be received 
of the converging section 134 of this trajectory / E ] from the side, and thermoelectric material 20 will deform plastically. 
The crystal grain which constitutes thermoelectric material turns minutely further by this, and the amount of preferred 
orientation improves. 

[0063] According to this operation gestalt, both extrusion usually receives symmetrical shearing stress to the center line of 
thermoelectric material with T character extrusion. Therefore, over the whole interior of thermoelectric material, the 
orientation of a grain boundary is a bilateral symmetry and the thermoelectric material which does not have variation in the 
property of the organization by the position can be manufactured. 

[0064] Next, the 12th operation gestalt of this invention is explained. Drawing 14 is the side cross section showing the 
structure of the dice used in the extruding equipment concerning the 12th operation gestalt of this invention, and punch. The 
extruding equipment concerning this operation gestalt is equipped with three punch 112, 113, and 1 14. The entrance-side 
paths 141 and 142 in which two punch 112 and 1 13 is taken in and out of right and left, respectively, and the outlet side path 
143 punch 1 14 is taken in and out of which up and down are formed in the dice 140. The extrusion punch 1 12 and 1 13 for 
pushing on the entrance-side paths 141 and 142 the material poured into this trajectory from both sides is formed so that this 
path may be slid. Moreover, the presser-foot punch (presser-foot tool) 114 which applies back pressure to the outlet side path 
67 by pushing back the material extruded from this trajectory is formed so that this path may be slid. 
[0065] In case thermoelectric material carries out extruding using a dice 140, while pouring in thermoelectric material from 
the entrance-side path 141 or 142 and making extrusion punch 112 and 1 13 drive, presser-foot punch 1 14 is retreated 
applying back pressure. At this time, the two boundary sections X and Y which two entrance-side paths 141 and 142 and 
outlet side paths 143 open for free passage at a right angle mostly serve as a shear zone, and shearing stress is added to 
thermoelectric material 20. Furthermore, since thermoelectric material 20 was pressed down in the outlet side path 143 and 
has received high compressive stress from punch. 1 14, the shearing stress in the boundary sections X and Y becomes strong. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline of the extruding equipment concerning the 1st operation gestalt of this 
invention. 

[Drawing 2] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch, and (A) and (B) show two states under extruding. 
[Drawing 3] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch, and, in (A), (B) shows the state after punch press before punch press. 
[Drawing 4] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch, and (A) and (B) show two states under extruding. 
[Drawing 5] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch. 

[Drawing 6] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch. 

[Drawing 7] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch. 

[Drawing 8] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation gestalt of this invention, and punch. 

[Drawing 9] It is the side cross section showing the structure of the dice used in the extruding equipment concerning 
operation rorm of this invention, and punch. 
[Drawing 10] It is the side cross section showing the structure of the dice used in the extruding equipment concerning the 9th 
operation rorm of this invention, and punch. 

[Drawing 1 1] It is drawing showing the outline of the extruding equipment concerning the 10th operation form of this 
invention. 

[Drawing 12] It is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
lUth operation form of this invention, and punch. 

[Drawing 13] It is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
11th operation form of this invention, and punch. 

[Drawing 14] It is the side cross section showing the structure of the dice used in the extruding equipment concerning the 
12th operation form of this invention, and punch. 

[Drawing 15] It is drawing which explains typically the manufacture method of the thermoelectrical semiconductor material 
currently indicated by JP,2000-1245 12, A, and, in (A), (B) shows the state after punch press before punch press. 
[Drawing 16] It is drawing which explains typically the method currently indicated by reference "orientation control of the 
BiTTe system material by the strong shear addition knockout", and, in (A), (B) shows the state after punch press before punch 
press. 

[Description of Notations] 

I, 101,102 Slide 
2,103,104 Load cell 
5,105,106 Displacement gage 

6.108 Heater 
7,107 Base 

8.109 Temperature sensor 
10,100 Extruding equipment 

II, 21, 31, 41, 51, 61, 71, 81 Dice 
12, 13, 14, 23,24, 33 Punch 

15, 25, 35, 45, 55, 65, 75, 85 Entrance-side path 
76 86 Middle path 

17, 27, 37, 47, 57, 58, 67, 68, 77, 87 Outlet side path 
20 Thermoelectric Material 

III, 130, 140 Dice 
112, 113, 114 Punch 

121, 122, 131, 142, 141, 142 Entrance-side path 
123, 133, 143 Outlet side path 
134 Converging Section 
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